We examine the mortality and morbidity associated with earthquakes in the Chi-Chi earthquake in Taiwan in 1999.
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I N T R O D U C T I O N
Taiwan, located between the Philippines and the Euro-Asia tectonic plates, has suffered from frequent earthquakes as a result of its location on the most active seismic belt of the Pacific Rim in Asia. According to the record of the Central Weather Bureau of the Republic of China, the average number of earthquakes is more than 2,200 per year. Of these, more than 200 are perceptible, 1 and a few have resulted in heavy casualties, collapsed buildings, and property and other economic losses. At 1:47 AM on September 21, 1999 , one of the most powerful earthquakes of the 20th century hit Taiwan. The earthquake, which registered a magnitude of 7.3 on the Richter scale and had its epicenter in Chi-Chi near the center of Taiwan, 2 affected some 20 million people on the island. Although the government and the people took part in rescue activity immediately after the earthquake, the salvage was not very effective, most likely because telecommunications and transportation systems were damaged and information gathering was poor. Relief from various sources, especially in the disaster-handling medical response, was not well coordinated. As a result of the earthquake, 2,347 people were killed, 8,722 people were injured, and property damage was estimated at more than US$92 billion. 3 In Taiwan, there are 700 private and public hospitals that can provide more than 120,000 beds for inpatient care. 4 More than 95% of citizens are covered by national medical insurance, which covers nearly all personal health care expenses. The island is divided into 17 emergency medical service regions that incorporate emergency medical care facilities and local fire departments. This system has been in place since 1989, but no mutual aid network had been established before this earthquake. Fire fighters provide out-of-hospital medical care and ambulance services. All of them have received emergency medical technician (EMT)-1 training (a 60-hour course), and half of them have received EMT-2 training (a 260-hour course). Before this earthquake, fire fighters and some volunteer groups were responsible for search and rescue work. Most of them had received light rescue training and were equipped with simple extrication equipment. Few medical professionals in Taiwan have experience or expertise in the management of multiple casualty incidents.
An earthquake disaster can seldom be predicted with precision. A sudden, fast shaking of the earth can strike without warning. According to the 1997 report by Noji, 5 earthquakes have caused more than 1 million deaths globally in the 20th century. The 1976 Tangshan earth-
quake in China, with a magnitude of 7.8, killed more than 240,000 people. 6 Recently, earthquakes in India, Turkey, and Greece have imposed high costs in terms of mortality, disabilities, and economic losses. 7 Although studies related to earthquakes are abundant, few of them have focused on the analysis of emergency care needs to reduce mortality and morbidity. For example, Pretto et al 8 reported that deaths might have been prevented if victims had received appropriate medical attention in the first 6 hours after the Armenia earthquake. Schultz et al 9 indicated that response time is critical in the administration of emergency medical care and that special field hospitals established 1 week or more after the earthquake would be too late to prevent early mortality. Guha-Sapir and Carballo 10 reported that appropriate medical response should be based on epidemiologic assessments at the earthquake site. Several studies [11] [12] [13] [14] [15] [16] have examined the association of mortality and morbidity associated with earthquakes using cohort and case-control methods within the period immediately after the disaster. These investigations have reported moderate to high correlation of deaths and injuries with demographic and geographic factors. These results consistently suggest that identification of risk factors is crucial to disaster management. Regarding earthquake disaster management in Taiwan, the identification of risk factors is a key to gaining insight into factors critical to the efficient handling and optimal salvage of large numbers of casualties.
In this study, we examined the patterns and relationship of age, sex, cause of deaths and injuries, and geographic distributions of casualties. The identification of the risk factors associated with earthquakes may help to improve current strategies for preventing casualties and distributing resources efficiently during disaster response.
M A T E R I A L S A N D M E T H O D S
Crude casualty data were collected from the reports prepared by the central government, local health bureaus, and the 97 hospitals that had provided treatment for the casualties. The demographic data of disaster-affected localities were also abstracted from the annual report of the Department of Interior.
17 Statistical data on deaths and injuries were obtained from the official reports provided by the Chi-Chi Earthquake Command Post. 18 More detailed mortality data were obtained from the Ministry of Justice 19 and the Department of Health. All other data were collected from the field surveys conducted at the 97 local hospitals and bureaus of health. These field data consisted of hospi-
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Liang et al and 8,722 injuries ( Figure 1 ). Approximately 2,903 victims were sent to the local hospitals within the first 10 hours after the earthquake, and the number increased rapidly until September 24.
Although the earthquake had affected the entire island, the most serious damage was caused on the west coast. Nantou County, which was located at the epicenter, had the highest mortality of 155.11 per 100,000 persons, and neighboring Taichung County had 78.12 per 100,000 persons (Table 1) . Mortality was higher in localities that were nearer to the epicenter, where the earthquake was consequently stronger (Figure 2 ). According to the death registry, most of the victims (76.9%) died in their own houses. Of the other 23.1%, 7% died in hospitals and 16.1% died outdoors. In both high and low casualty areas, women had a slightly higher mortality than men at a ratio of 1.1:1.
From the distribution of age-specific mortality rates, it was found that the extreme elderly (aged ≥80) had the highest mortality at 79.80 per 100,000 people, followed by those between the ages of 70 and 79 years at 50.04 per 100,000 people. Those between the ages of 20 and 29 years had the lowest mortality at 6.86 per 100,000 people (Table 2) . Young children (>0 to 9 years) had a mortality rate of 12.65 per 100,000. Figure 3 shows that the mortality for those 20 years and older increased with the increase in age; and mortality for those less than 20 years increased talization data from the medical records of 7,605 injured patients given ambulatory and emergency treatment.
The death toll was 2,347, as reported by medical examiners, forensic physicians, and clinical physicians. Incidence of deaths by age, sex, location, time, and causes was determined. To understand and respond to the pattern of demand for emergency services, our analysis concentrated on the injured who were found within the first 3 days after the earthquake.
The information collected on every victim was supplemented by all available data from hospital medical records, coroner reports, or direct interviews. When mismatching information was identified, additional interviews were performed during a second survey. In the few cases in which the second survey did not clarify the discrepancy, the data were excluded from the analysis. Few of the victims received autopsies, so the major cause of death could be incorrect. Some people did not seek regular medical care, such as those people who received alternative medicine, and therefore the data could not be reported in our study. Therefore, the number of patients seeking formal medical help could be underestimated.
All the data were processed and analyzed by personal computer with SPSS 8.0 for Windows (SPSS Inc., Chicago, IL). The techniques applied to data analysis included descriptive statistics generating and multiple regression modeling. The frequency tables were produced to describe the mortality of groups according to age, sex, location, and time frame and to identify the causes of deaths and injuries. In addition, multiple regression models were used to determine the risk factors for mortality resulting from the earthquake. The dependent variable in the model was region-age-sex-specific mortality. Mortality rates were stratified by 12 regions, 9 age classes, and 2 sex groups. Log transformation was based on mortality rates because of the positive distribution of the data. On the basis of a review of the medical literature and the availability of data, explanatory variables included sex, intensity of earthquake, age, population density (persons/100 km 2 ), distance to epicenter (km), and local medical resources, which were beds and physicians per 10,000 people. Multiple regression modeling was used for the statistical analysis and the goodness of fit was judged by F value, with significance level set at α=.05.
R E S U L T S
By October 9, the devastation from the Chi-Chi earthquake had resulted in a cumulative toll of 2,347 deaths 
Cumulative number of deaths and injuries during the 18 days after the Chi-Chi earthquake. The Y-axis indicates cumulative number of deaths and injuries. The X-axis indicates the time interval after the Chi-Chi earthquake.
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with the decrease in age. Female mortality was higher throughout all age groups, except for women from 50 to 59 years of age and 60 to 69 years of age. The potential risk factors including sex (X 1 ), the intensity of earthquake (earthquake strength, X 2 ), age (X 3 ), population density (persons/100 km 2 , X 4 ), the distance to epicenter (km, X 5 ), hospital beds per 10,000 people (X 6 ), and physicians per 10,000 people (X 7 ) were tested for their association with locality-age-sex-specific mortality (Y). The final regression model indicated that all variables but sex were statistically significant ( Table 3 ). The final model used for locality-age-sex-specific mortality in an earthquake is log 10 Y = -4.088 + 0.015 X 1 + 1.006 X 2 + 0.101 X 3 + 0.022 X 4 + 0.003 X 5 + 0.012 X 6 -0.153 X 7
F value was equal to 76.175 and P value was less than .001. Overall, 78.5% of variation of locality-age-sexspecific mortality was explained by the intensity of quake, age, population density, distance to epicenter, medical beds per 10,000 people, and physicians per 10,000 people. Coroners examined almost all of the dead victims (94.1%); medical physicians and prosecutors examined the remaining 5.9%. According to their examination reports, almost all of the deaths (91.1%) occurred on the same day as the earthquake, and 1.8% occurred the next day.
Regarding the causes of all fatalities in this earthquake, trauma caused by compression of the body was the primary cause of death, mainly as a result of head injury (32.34%), traumatic shock (29.27%), and traumatic Other causes included organ injury, cervical spinal cord injury, burns, and carbon monoxide poisoning. During the first 3 days after the earthquake, the clinical profiles for the injured victims indicated that the majority (90%) of these patients suffered from head injury, open wounds, contusions, and fractures. The injury patterns occurring on the second and third days differed from Table 1 . 
Deaths and mortality rates by locality and sex associated with the Chi-Chi earthquake in Taiwan in 1999.

Mortality of men and women by locality in the Chi-Chi earthquake. The Y-axis indicates the mortality rate per 100,000 people. The numbers in the parentheses on the X-axis indicate the intensity of the earthquake for individual localities. E P I D E M I O L O G I C A N A L Y S I S O F E A R T H Q U A K E M E D I C A L R E S P O N S E Liang et al
Specific mortality according to age group reveals that the extreme elderly (aged ≥80) had the highest mortality, and those between the ages of 70 and 79 years had the second highest mortality. The mortality of the elderly was approximately 12 times that of those between the ages of 20 and 29 years. Mortality had a positive association with age for those aged 20 years and older. This finding was similar to that of Tanida 21 regarding the Great Hanshin those of the first day, in that nontrauma patients were in the majority of those seeking local medical services.
D I S C U S S I O N
The Chi-Chi earthquake was the worst earthquake to hit Taiwan in the 20th century, causing 2,347 deaths and 8,722 injuries. We analyzed data to determine the factors associated with increased morbidity and mortality after the earthquake, in the hope that this work would guide us in actions to prevent deaths after future events. Not surprisingly, we found that mortality was higher in areas closer to the epicenter, where the magnitude of the earthquake was stronger. In addition, Nantou (the county at the epicenter), has only 8 physicians per 10,000 people compared with the city of Taipei, which has 24 physicians per 10,000 people. Nantou is thus relatively very poor in medical care resources, which also could have been a reason for higher fatalities there.
The time that the earthquake occurred also could be a reason for the heavy casualties. Its sudden occurrence at midnight, when most people were indoors (most likely sleeping), probably prevented most people from escaping outdoors, and also delayed deployment of resources for rescue. Most casualties occurred in private houses and not in public places or work sites. The situation was similar to the Hanshin-Awaji earthquake of Japan, which took place at 5:46 AM on January 17, 1995. 20 In contrast, the 1980 earthquake in southern Italy, which had a mortality of 9.3% reported by de Bruycker et al, 13 occurred at 7:34 PM and killed more people in bars and dancing places. 
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earthquake. Additionally, this result is similar to observations in other natural disaster studies. 22, 23 Some possible reasons for the association were that the elderly were less able to react to emergencies and were physically weaker. Meanwhile, the mortality of children (>0 to 9 years) was lower than expected, possibly because family adults provided them with better protection.
11
The mortality for women was 1.1 times that for men. In the Hanshin earthquake in Japan, the mortality for women was 1.5 times the mortality for men. Lower mortality for men may be because of their generally greater physical strength. On the other hand, women in the 50 to 59 and 60 to 69 age groups had lower mortality rates. The reasons for this require further study.
The number of casualties increased with time after the earthquake. Most of the deaths took place on the first day after the earthquake. Trauma was the most common cause of death. Pretto et al 8 suggested that deaths might have been prevented if the victims had received medical attention in the first 6 hours after the earthquake. Safar, 24 studying the 1980 earthquake in Italy, concluded that 25% to 50% of victims who were injured and died slowly could have been saved if lifesaving first aid had been rendered immediately. Therefore, rapid response is required for effective emergency medical service. 9 In the Chi-Chi earthquake, most of the lifesaving responses were needed within 24 hours, and medical care for a large number of patients was needed for 3 days. Additionally, hospitals were too overloaded to provide adequate quality medical care. Because of interruptions in transportation services, some victims were not able to obtain any appropriate emergency medical care in time, and either died or suffered from increased morbidity. Potential risk factors including sex, the intensity of earthquake, age, population density, distance to epicenter, hospital beds per 10,000 people, and physicians per 10,000 people were tested for their association with the locality-age-sex-specific mortality. The final regression model indicated that all the variables, except sex, were statistically significant, and 78.5% of the variation of locality-age-sex-specific mortality was explained by these variables. The casualty estimation model can help us understand and model the different factors associated with mortality in earthquakes. This information is essential for rapidly assessing the intensity of the earthquake's impact, for anticipating medical service demands after a major earthquake, and for predicting the amount of supplies and number of personnel needed. The model can also be used by planners and responders for planning, mitigation, and medical responses. However, the model is still limited by the lack of casualty data collected through systematic mechanisms in Taiwan. Further studies are needed to improve and enhance the current model.
As a result of this analysis, many actions have been initiated by our government and medical community to reduce the effect of the next disaster. Two disaster medical assistance teams, with modular design and adequate logistic support, have been set up to respond to future events. In addition, there are several locally based disaster medical teams with basic logistic capabilities to provide urgent medical care for victims in small-to moderatescale disasters. In addition, an urban search and rescue team composed of rescue workers, medical personnel, structural engineers, and technicians for confined space rescue has been established. All health care facilities are now obligated to reduce their own nonstructural hazards and prepare themselves for internal and external disasters. The devastating effects of earthquakes on human life have been demonstrated repeatedly in the past decade, as several major earthquakes have struck in urban areas. The earthquakes in 1999 in India, Turkey, Greece, and Taiwan collectively took the lives of more than 10,000 individuals and injured perhaps hundreds of thousands more. There have been several devastating earthquakes in Taiwan in this century resulting in heavy casualties, collapsed buildings, and heavy losses in property. With rapid economic development, increased population, and higher concentration of tall buildings, disaster medicine has become more urgently needed. Well-organized local emergency medical response systems are pivotal to providing a successful disaster response. The findings of epidemiologic studies on disasters are helpful to establish strategies for reducing mortality for the next disaster.
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